r 


AO>AO«9  OSO 


UNCLASSIFIED 


NAVAL  INTELLIGENCE  SUPPORT  CENTER  MASHINGTON  D  C  TRA->CTC  F/6  13/11 
MATER-UET  PUMP  DESIGN  (RASCHET  VOOOSTRUYNOGO  EZHEKTORA) » (U) 

NOV  77  AS  TSYGANKOV 


•  i>  I 


NISC-TRANS-3977 


END 

DATE 


2-78 


j 


'DEPARTMENT  OF  THE  NAVY 
NAVAL  INTELLIGENCE  SUPPORT  CENTER 
TRANSLATION  DIVISION 
4301  SUITLAND  ROAD 
UASHINGTON,  D.C.  20390 


CLASSIFICATKM:  UNCLASSIFIED 


Water-Jet  Pump  Design 


^Raschet  vodostru^ogo  ezhelctorE^ 


AUTHOR(S) 


Tsygankov/  A.  S. 


PAGES  X  - U--7 - j 

^^SOURCeV  9,  1969 


iRIGINAL  LANGUAGE:  Russian 


W 


TRANSLATOR:  ID 


NISOTRANSI 


MtBSIflII  IK _ 

tttt  MKi  SfCtlM 

IK  Ion  S«ctlM  'n 

NXKouiica  a 

JBTiFiMTIOB _ _ 

ana 

. . . 

iimiiniM/iiMiuBiun  nsa 


IVAIl.  MS/tr  VFCUL 


APPROVED 


DISTRIBUTION  STATEMENTA 


Approved  for  public  release! 
Distribution  Unlimited 


WATER- JET  EJECTOR  DESIGN 


Water-Jet  ejectors  are  commonly  used  aboard  ships  as  drainage  systems. 

This  article  proposes  a  fairly  simple  and  reliable  method  of  calculating 
highly  efficient  water-jet  ejectors. 

The  procedure  described  here  makes  use  of  energy  balance  formulas 

cited  by  P.  tl.  Kamenev  In  [Cldr^levatory  I  Druglye  Stroynyye  Apparaty 

(Water-jet  Pumps  and  Other  Jet-type  systems) »  HashstroyIzdat  Publisher, 

«  . 

1950].  The  formulas  deal  with  the  theory  of  analysis  of  similar  hlgh- 
efflclency  equipment.  The  data  derived  from  this  theory  show  good  agreement 
with  the  results  of  bench  tests  conducted  on  a  number  of  shipboard  ejectors. 

The  calculation  of  a  water-jet  ejector  consists  basically  of  determining 
the  necessary  head  of  the  operating  water,  both  ahead  and  after  the  ejector, 
the  water  flow  rate,  the  ejection  factor,  as  well  as  all  principal  dimensions. 
The  calculations  are  based  on  the  law  of  conservation  of  momentum  due  to 
Impact,  jet  continuity  equations  and  veloci ty/head  relationships  for  liquid 
discharge  from  the  nozzles, 

Shipboard  water-jet  ejectors  are  generally  designed  with  Inlet  (suction) 
pipes  positioned  at  an  angle  fA^60*)  to  the  ejector  axis,  this  being  the 
most  appropriate  arrangement  In  a  drainage  system.  Sometimes,  hoinfever,  this 
pipe  Is  set  at  an  angle  of0(i«9O*.  In  the  latter  case,  the  entire  jet 
kinetic  energy  Is  wasted,  which  makes  this  type  of  ejector  rather  Inefficient. 

The  basic  energy  losses  In  the  ejector  occur  when  the  operating  and 
ejectable  stream  are  mixed  In  the  mixing  chamber.  An  ejector  will  show 
maximum  efficiency  only  when  Its  design  will  assure  the  least  hydraulic 


losses  and,  consequently,  maximum  pressure.  Efficiency  Increases  considerably 
when  pressure  Increases  not  only  In  the  diffusor  but  along  the  length  of  the 
mixing  chamber  as  well. 

In  order  to  reduce  hydraulic  losses  during  Inflow  to  the  mixing  chamber.  It 
Is  desirable  that  the  angle  between  the  ejectable  flow  and  the  ejector 
axis  be  minimal;  furthermore.  It  Is  Important  that  the  flow  rate  at  the 
mixhg chamber  Inlet  (outlet  end  of  nozzle)  be  most  advantageous,  that  the 
diffusor  be  designed  with  a  minimum  aperture  at  the  beginning  and  that 
this  aperture  be  gradually  expanded  toward  the  diffusor  outlet. 

The  velocity  head  ahead  of  the  ejector  nozzle  depends  on  the  position 
of  the  operating  water  feed  source  (pump,  force  line)  and  the  vacuum  In 
the  mixing  chamber.  If  the  ejector  Is  positioned  on  a  level  different  from 
that  of  the  source,  then  the  head  ahead  of  the  nozzle  must  be  determined 
by  taking  Into  account  the  geometrical  height  equal  to  the  length  from  the 
ejector  axis  to  that  of  the  operating  water  source  (plus  or  minus);  here 
one  must  subtract  from  the  head  the  local  resistances  and  friction  losses 
on  the  given  section  of  the  force  line. 

Design  Formulas 

To  simplify  the  calculation  without  significantly  affecting  Its  final 

results,  the  following  assumptions  were  made:  the  specific  weight  of  the 

operating  and  ejectable  waters,  as  well  as  the  mixture  of  both,  are 

2 

assumed  to  be  same  and  equal  1^«1000kg/cm  ;  In  some  formulas,  specific  weight 
was  not  taken  Into  account  due  to  a  decrease  In^or  the  expression  of  the  head 
In  meters  of  water  column.  In  computing  the  operating  water  velocity  at  the 
exit  from  the  nozzle,  the  effect  of  Its  velocity  head  ahead  of  the  nozzle 
and  the  pressure  of  the  ejectable  liquid  was  not  taken  Into  account.  The 
friction  losses  and  local  resistances  In  both  the  Intake  and  delivery  lines 
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were  not  specified;  therefore,  both  terms  "suction  head"  and  "delivery 
head"  are  understood  here  to  mean  their  total  resistances,  I.e. ,  the 
geometrical  height  plus  total  losses  that  are  to  be  taken  Into  account 
when  calculating  or  selecting  an  ejector  design. 

With  the  ejector  In  a  steady-state  operating  mode,  the  water  flow  from 
the  nozzle  Is  forced  Into  the  mixing  chamber,  the  vacuum  In  which  Is  deter¬ 
mined  (In  water  column)  as 

«  . 

where  H.  Is  the  suction  head 

of  the  ejectable  flow, 

m  wat.col ; 

V2  Is  the  velocity  of  ejectable 
flow  at  the  mixing  chamber 
Inlet  (outlet  nozzle  end),  m/sec; 

g*9.8l  Is  gravity  acceleration. 

For  an  ejector  operating  in  the  suction  mode,  one  should  consider 

that  the  sum  of  all  resistances  on  the  Intake  line  added  to  the  velocity 

head  of  the  drawn-In  flow  at  the  beginning  of  the  mixing  chamber  must  be 

much  below  atmospheric  pressure:  H  <10m  wat.col. 

vac 

For  properly  designed  ejectors  the  geometric  suction  head  Is  as 
high  as  H2"7m  wat.col. 

The  pressure  head  gradient  of  the  operating  water  In  the  nozzle  Is 


wrTtten  as 


where  H.  Is  the  pressure  head  of  operating  water  ahead  of  the  nozzle. 


ffl  wat.col. 


The  operating  water  flow  rate,  on  leaving  the  nozzle  (m/sac)  Is  written 
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«,  —  (Hi  +  «»)  , 


(2) 


where  ^  Is  the  nozzle  efficiency  taken  to  be  0.95  to  0.97  for  properly 
machined  nozzles. 

For  an  ejector  operating  In  Immersed  condition,  the  magnitude  H2 
(Ignoring  local  losses)  may  be  considered  that  of  the  water  raise  height 
that  will  appear  with  a  minus  ‘sign  In  the  expressions  for  and  . 

The  most  advantageous  ejectable  flow  rate  In  the  beginning  of  the  mixing 
chamber  Is  achieved  when  the  specific  weights  of  the  liquids  entering  the 
ejector  are  equal,  the  cross  section  of  the  mixing  chamber  (of 

cylindrical  shape)  Is  constant  and  the  Inlet  angles  between  the  operating 
water  and  the  ejectable  flow -are  equal  to  zero  (X|MX2-0),  I.e.,  their 
supply  lines  arranged  along  the  ejector  axis. 


Figure  1. 


Efficiency  of  Cast  Diffusers 


For  ejectors  performing  In  the  high  suction  mode  (vacuum)  generally 
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fitted  with  conical  mixing  chambers  and  ejectable  water  lines  at  an 
angle  to  the  ejector  axis,  the  assumed  flow  rate  will  always  be  lower  than 
the  most  advantageous  one. 

In  selecting  the  optimum  ejectable  flow  rate,  one  must  bear  In  mind  that 
Increasing  It  will  lower  the  Impact  losses  due  to  mixing  the  flows  and, 
to  a  certain  extent.  Justify  the  energy  expended  for  producing  It;  yet, 
the  selected  high  flow  rate  may  not  satisfy  the  equation  Hy3^<10m  wat.col., 
and  thus  will  have  to  be  reduced. 

In  order  to  attain  the  optimum  ejectable  flow  velocity  In  the  beginning 
of  the  mixing  chamber,  ejectors  are  often  designed  with  flap  nozzles. 

When  the  first  model  Is  bench-tested,  the  most  efficient  performance  of  the 
of  the  ejector  Is  used  for  determining  the  most  advantageous  distance  from 
the  outlet  end  of  the  nozzle  to  the  beginning  of  the  diffusor  throat 
which  represents  both  a  specific  cross  section  of  the  mixing  chamber  at 
the  outlet  end  of  the  nozzle  and  the  optimum  velocity. 

There  are  three  cases  of  flows  entering  the  mixing  chamber: 

"a-V. 

where  v'  —  Is  the  averaged  velocity  of  the  mixture  of  both 

^  flows  In  the  beginning  of  the  mixing  chamber,  (2) 

determined  from  the  momentum  equation  (2),  m/sec; 

V,  —  Is  the  mixture  flow  rate  In  the  narrow  cross  section 
(throat)  of  the  diffuser,  m/sec 

In  the  first  case,  the  hydrodynamic  pressure  along  the  mixing  chamber 
remains  constant.  In  the  second— Increases  and  In  the  third— decreases. 

The  momentum  before  and  after  mixing  the  flows  with  least  mixing 
losses  may  be  expressed  In  the  following  form. 
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0|9|  +  GfVs  CM  ■  ■■  OiP'i, 


(3) 


where  G.,  G2  and  G^  are  the  amounts  of  the  operating  and 
ejectable  waters  and  then  mixture,  ; 

Ot— Is  the  Inlet  angle  of  the  ejectable  flow  Into  the  mixing 
chamber. 

The  -ejection  factor  or  the  ratio  of  the  amount  of  ejectable  water  to 
the  consumption  of  operating  water: 

V  • 

9_5l  *’•-*> 

r  Q  f  • 

*  ©3  —  V-  C0$l 

Introducing^  Into  equation  (3)  and  reducing  It  by  G^ ,  we  obtain 

»,  +  pw,cM«- (l  +  p)cfi  (5) 

or 

t’l  •=  (I  +  CM «) 


Vfhereft  Is  the  ratio  of  the  ejectable  flow  velocity  to  the  averaged  flow 
rate  of  the  mixture  at  the  beginning  of  mixing. 

With  the  ejector  performing  In  a  steady-state  mode,  the  energy  balance 
with  allowance  for  losses,  may  be  reprinted  by  the  following  equations: 


for  case  1,  when  v'^-Vj 

a, It,  -  Cl  7.  -  {  H:  +  ^  7.)]  -  + 

+  (  ^  ^  ~  ^  ’»)  +  ^  '<* 

for  case  2,  when  v'^>v^ 

0|W,  •■Oi  [^7i~(f/3  + GyHi-i-  GfH3  + 

O.  Ti+0*  jj  7t-Oi  -57  ^  - .*0.  7» 


for  case  3,  when  It  Is  the  same  as  In  case  I  plus  C^fg^7»- 
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In  these  expressions  and  are  given  as  Hy  In^/m^  with  specific 
weights  Introduced  In  kg/m^  for  a  general  case  of  an  ejector  using  various 
liquids.  The  addend  values  enclosed  In  parentheses  are  the  total  losses 
caused  by  mixing  the  flows  In  the  ejector. 

Since  frictional  losses  In  the  mixing  chamber  cannot  be  determined 
prior  to  Identifying  the  dimensions  of  both  the  chamber  and  the  diffusor 
throat,  they  are  arbitrarily  categorized  as  losses  In  the  diffusor,  as 

V  • 

a  result  of  which  the  latter's  efficiency  Is  lower  than  usual. 

The  total  head  m  wat.col.  developed  by  the  ejector  for  case  1  (v'j«V3) 
will  be  found  from  the  energy  balance 


(6) 

for  case  2  (v'j>Vj): 

(7) 

for  case  3  : 

H  4.  H  .  »2  r 

(8) 

where  H2— Is  the  suction  head 

(with  allowance  for  losses),  m  wat.col; 

— Is  the  delivery  head  of 
the  ejector,  m  wat.col; 

i|n“ls  the  diffusor 's  coefficient  of 
local  resistances; 

(  --Is  the  coefficient  of  local  resistances  when  the 
^  flow  of  the  mixture  entering  the  diffusor 
from  the  mixing  chamber  becomes  constricted. 

It  Is  well  known  that  the  ejector's  efficiency  ^(1;)  Is  determined  as  the 

ratio  of  useful  work  to  that  spent,  I.e. , 


The  Interrelationship  betswen  efficiency  (t)t  velocity  factor  (f) 


*- 


in  the  diffusor  occur  with  I.e.,  when  the  mixing  of  flows  is 

concurrent  with  an  increase  in  pressure. 

It  Is,  therefore,  recommended  that  water-jet  ejectors  be  designed  only 
on  the  basis  of  case  2  of  mixing  the  flows. 

Basic  Dimensions  of  Ejectors 

The  basic  ejector  dimensions  include  the  diameter  and  length  of  the 
nozzle,  the -mixing  chamber,  the  throat  and  diffusor,  as  well  as  the  diameters 
of  the  inlet  pipes  for  the  operating  and  drawn-in  water  and  the  mixture's 
outlet. 

The  diameters  of  these  elements  are  determined  on  the  basis  of  a  Jet 
continuity  equation  which,  for  a  general  case,  may  be  expressed  by  the 

following  relationships: 

GlO  OlO 

'“"WTES:  /-O.TSSrfS; 

where  v  Is  the  flow  velocity,  m/sec; 

G  is  the  flow  rate  of  the  liquid,  m^/V  * 

f  is  the  flow  cross  sectional  area  (of  the  pipe),  cm^ 

d  is  the  diameter  of  the  flow  (pipe),  cm. 

The  diameters  of  the  inlet  and  outlet  pipes  are  determined  on  the  basis 
of  permissible  flow  rates  assuring  normal  ejector  operation,  while  those 
having  connecting  flanges  or  half-nuts  are  accepted  on  the  basis  of  GOST 
or  other  standards. 

Flow  Rates  Recommended  for  Inlet  and  Outlet  Pipes,  m/sec 

Operating  water  inlet  v^  3*6 

EJectabie  water  inlet  v'2  1*3 

Mixture  outlet  v^  2-4 

Higher  mixture  flow  rates  in  the  outlet  pipe  after  the  ejector  diffusor 
are  permissible  only  when  the  pipes  are  short  and  the  number  of  areas  of 
local  resistances  with  low  values  of  their  coefficients  is  small. 
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The  nozzle  aperture  Is  generally  assumed  to  be  within  20-30*^,  that  of 

the  diffusor  -  8  -  12°,  their  length  being  defined  by  the  formula 
D  —  d 


where  D,  d  are  the  major  and  minor  diameters  of  the  nozzle 
or  diffusor,  mm; 

Gtls  the  diffusor  aperture. 

The  nozzle's  outlet  edge  (the  cylindrical  portion)  must  be  as  short  as 

possible  (no'  more  than  one  half  of  the  diameter  of  that  cross  section)  In 

order  to  reduce  friction  losses  which  may  be  quite  considerable  at  a  high 

<  • 

flow  rate. 

The  length  of  the  mixing  chamber  together  with  the  diffusor  throat  for 
complete  mixing  of  the  flow  Is  assumed  as 

where  dj  Is  the  throat  diameter  of  the  diffusor,  mm. 

The  length  of  the  mixing  chamber  from  the  outlet  end  of  the  nozzle 
to  the  beginning  of  the  diffusor  throat  Is  recommended  as  follows: 

-  (1,5  -I-  2,5)  cfj. 

It  may  be  well  to  point  out  that  with  greater  lengths  of  mixing  chambers 
and  diffusors  In  them  (and  higher  flow  rates  In  the  diffusor  throat) 
there  will  be  rather  considerable  friction  losses  while  shorter  lengths 
will  result  in  poor  mixing  and  lower  productivity. 

Using  the  formulas  cited  In  this  procedure  and  having  available  a 
calculated  ejector  (or  Its  basic  dimensions),  one  could  recalculate  It  to 
other  operating  modes  for  Increasing  the  suction  head,  productivity  or 
the  delivery  head  by  raising  either  the  pressure  head  or  the  consumption 
of  the  operating  water  (In  the  latter  case.  It  will  be  necessary  to  Increase 
the  diameter  of  the  outlet  end  of  the  nozzle. 
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